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THERAPEUTIC MICRODEV1CES 
AND METHODS OF MAKING AND USING SAME 

Field of the Invention 
5 The present invention relates to microstructural devices, and more particularly to 

microstructural devices for use in drug delivery to a body site. 

Background of the Invention 

A variety of self-assembling particles have been used or proposed for drug delivery 
10 to a target site in a body. Lipid micellar particles formed of a surfactant provide certain 
advantages in solubilizing and delivering hydrophobic drugs, e.g., for intravenous drug 
delivery. 

Liposome delivery systems have been employed for delivery of drugs to tissues and 
organs, e.g., liver and spleen, rich in macrophages of the reticuloendothelial (RES), for 

15 depot drug release in the bloodstream, and for site specific accumulation and drug release in 
solid tumors and sites of infection. 

Liposomes offer a number of advantages over simpler micellar particles. The lipid 
bilayer shell in a liposomes provides an internal aqueous compartment that is essentially 
isolated from bulk phase aqueous medium, allowing hydrophilic drugs to be sequestered at 

20 high concentration within liposomes, and further permitting loading of ionizable drugs by 
use of ion gradients across the liposomal membrane. Liposomes can also be process to 
have selected sized in the 30-200 nm size range for intravenous drug delivery. Finally, the 
outer lipsome surfaces may be coated with a hydrophilic polymer, such as polyethylene 
glycol, to extend blood circulation time of the particles, and/or may be designed to carry 

25 surface-bound antiligand molecules for selective binding to target cells containing cell- 
specific surface ligands. 

The use of synthetic polymers in drug delivery devices has focused on "smart 
polymers" a term given to polymers that form gels that have the ability to expand or 
contract in response to a specific stimulus, such as light, temperature or pH. Typically, 

30 such polymers will precipitate in solution or collapse with concomitant expulsion of gel pore 
contents. Synthetic polymers may be based on a number of types of monomeric units, 
including vinyl monomers, N-alkyl substituted acrylamides and the like. Copolymers have 
also been utilized in an attempt to combine or modulate the stimulus responsive properties 
of one or more known smart polymers. Polymer particles formed of negatively charged 

35 polymers have been designed for (i) rapid condensation (for drug entrapment) and 
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decondensation (for drug release) or controlled-rate swelling and drug release, and (ii) high 
drug entrapment by an ion exchange mechanism. 

The concepts of smart polymer particles and lipid-bilayer vesicles have been 
combined in drug-delivery particles of the type having a condensed-phase polymer core 

5 encased in a lipid-bilayer membrane, giving advantages of both types of drug-delivery 
systems. In particular, the polymer core of the particle can be loaded to high drug 
concentration, for rapid release by particle decondensation, and the lipid coating on the 
particles can be designed for targeting and/or for a target-specific triggering event which 
can m turn leads to rapid particle decondensation. 

0 It is evident that it is possible to design self-assembling lipid and/or polymer 

pamcles having various drug loading, targeting and triggering capabilities. Nonetheless 
self-assembling particles of this type present two significant limitations. First, since the 
particles are typically spherical, the physical-contact area between the particles and target- 
site cells, for example, for particle binding to the cell, is more limited than would be the 

5 case with a particle having more planar surfaces. Secondly, and more importantly the 
functioning of self-assembling particles, in terms of targeting and drug release, are limited 
m terms of (i) the particle materials (and therefore material properties) that can be 
employed, (ii) the types of drug storage and drug release mechanisms that can be realized 
(in) the number of targeting and therapeutic functions that can be built into the particles 

0 and (iv) the ability to place different functions at discrete locations on the particles. 

It is the purpose of the present invention to provide microdevices that significantly 
expand the shape, materials, and functions versatility and capabilities over self-assembling 
drug-delivery particles. 

5 Summary of thk Invention 

The invention includes suspension of microdevices for use in administering a 
therapeutic agent to a selected target site in a subject. The microdevices have a selected 
non-spherical shape and uniform dimensions and contain the therapeutic agent in a form in 
which the activity of the therapeutic agent is expressed by exposure of the microdevice to 

3 the biochemical environment of the target site after administration to the subject. The 
microdevices may have surface-bound, marker-binding molecules effective to bind to a 
marker carried on the surface of cells at such target site. 

Where the suspension is used for targeting selected cells or tissue via the 
bloodstream, the microdevices may be coated with a hydrophilic polymer, such as 
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polyethylene glycol or glycocalyx polymer, effective to enhance maintenance of the 
microdevices in suspension. The hydrophilic polymer may be conjugated to vesicle-forming 
lipids, where the microdevices are coated with a lipid film containing such vesicle-forming 
lipids. The microdevices may contain a marker-binding molecule bound to the free ends of 
5 at least a portion of the polymer, this molecules being effective to bind to a marker carried 
on the surface of such target cells or tissue. 

Where the suspension is used in parenteral administration to a subject, the 
microdevices may have a selected maximum dimension in the range between 0.1 and 3 
microns. For solid-tumor targeting such microdevices preferably have a maximum 
10 dimension less than about 150 nm. 

Where the suspension is used in delivering a therapeutic compound to the interstitial 
space of a target region characterized by a target-specific marker on the basement 
membrane forming the vasculature of the target region, the microdevices may contain 
surface-bound marker-binding molecule effective to bind to such marker, and an enzyme 
15 effective to lyse the basement membrane. One preferred enzyme is a type IV collagenase. 
The enzyme may be covalently attached to a surface region of the microdevices, or may be 
contained in the microdevices in releasable form, e.g., upon erosion of the microdevices. 

In one general embodiment, the microdevices are formed of a material designed to 
erode in body fluid at a selected bioerosion rate. As examples, the microdevices may be 
20 formed of iron, titanium, gold, silver, platinum, copper, and alloys and oxides thereof. 
Alternatively the microdevices may be formed of a biodegradable polymer material. 

In one embodiment, the microdevices are composed of a condensed-phase polymer 
material effective to decondense, at a selected rate, when exposed to plasma. 

In another embodiment, the microdevices are substantially disc-shaped, and have a 
25 laminated structure containing two or more layers, where adjacent layers are formed of 
different materials. As example, the microdevices may have a trilaminate structure 
composed of an interior layer sandwiched between a pair of exterior coating layers, where 
the coating layers have a slower rate of bioerosion than the interior layer, and the 
therapeutic compound is embedded in said intermediate layer, for release as the intermediate 
30 layer is eroded. 

In still another general embodiment, the microdevices have shielded wall surfaces 
that are substantially inaccessible to biological cells. These wall surface may be coated with 
therapeutic agents, such as therapeutic antibodies or the like. Exemplary microdevices of 
this type include ring shaped and cup-shaped devices. 
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For use in directing the microdevices to a target site by a magnetic field, or 
retrieving the devices from a site by a magnetic field, the microdevices contain a magnetic 
material. 

Also disclosed is a microfabrication method for producing microdevices of the type 
5 described. The method includes exposing a sheet of microdevice material to a photoablating 
light source through a photomask, to form a reticular lattice pattern on the sheet 
corresponding to the desired microdevice size and shape. The photoablating is continued 
until the desired degree of ablation is achieved. 

These and other objects and features of the invention will become more fully 
apparent when the following detailed description is read in conjunction with the 
accompanying drawings. 



0 
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Brief Des cription of the Drawings 

Figs. 1-7 illustrate various embodiments of microstructures and microdevices, " 
constructed in accordance with the invention, shown in perspective views (Figs. 1A-7A), 
and cross-sectional views (remaining figures); 

Fig. 8 is an enlarged section of the disk-shaped microstructure in Fig. 7C, showing 
surface bound antibody and therapeutic agents on the inner wall surface thereof; 

Figs. 9A-9E illustrate steps in the photolithographic fabrication of microstructures 
0 of the type illustrated generally in Fig. 2A; 

Figs. 10A-10D illustrate steps in the photolithographic fabrication of microstructures 
of the type illustrated generally in Fig. 5A; 

Figs. 11A-11D illustrate steps in the fabrication by laser ablation of microstructures 
of the type illustrated generally in Fig. 3A; 
5 Fig. 12 is a sectional view of a coated microdevice. 

Figs. 13A and 13B are sectional views of a lipid coated microdevice having a 
surface coating of hydrophilic polymers, where in Fig. 13B, a portion of the polymers have 
antibodies attached to their distal ends; 

Fig. 14 is a sectional view of a microdevice having an upper surface coating of 
0 antibodies and a hydrophilic polymer; 

Fig. 15 is a sectional view of a microdevice of the type shown in Fig. 6A, 
illustrating how the device structure shields antibodies carried on the device from contact 

with an immune-response cell; 
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Figs. 16A and 16B are sectional views of a microdevice of the type illustrated in 
Fig. 3 A, showing more rapid erosion of a middle drug-carrying layer in the microdevice; 

Figs. 17A and 17B illustrate the greater surface contact between a drug-delivery 
particle or capillary wall surface in a disc shaped particle constructed in accordance with the 
5 invention (17A) than in a conventional self-assembly type spherical drug-delivery particle 
(17B); 

Figs. 18A-18C are embodiments of the invention suitable for treatment of interstitial 

tissue. 

Figs. 19A and 19B illustrates steps in the movement of a microdevice constructed in 
10 accordance with one embodiment of the invention across an epithelial membrane; and 
Fig. 20 is a cross section view of a microdevice containing a magnetic layer. 

Detailed Description of the Invention 
I. Definitions 

15 Unless indicated otherwise, the terms below have the following meaning. 

"Microstructures" or "microparticles" or "microfabricated structures" or 
"microfabricated particles" are particles formed by microfabrication methods. 

"Microdevices" or "microfabricated devices" are microstructures that have been 
additional prepared to include biological agents as coatings and/or therapeutic agents; 
20 "Microfabrication methods" refer methods employing photomasking or patterned 

beam irradiation of a substrate to produce desired surface pattern features in the substrate; 

The "biochemical environment of the target site" refers to one or more intrinsic 
physiological conditions at the target site, such as pH, salt conditions, temperature, or the 
presence of target-specific cell surface markers or enzymes, effective to initiate and promote 
25 released of a therapeutic agent from the microdevices of the invention. 

The target site may be a specific cell, tissue or organ type, the interstitium of a tissue of 
organ, a vascular site, or blood or plasma. 

"Bioerodable" refers to a materials, such as an erodable metal, that is dissolvable in 
physiological medium, or a biocompatible polymeric material that can be degraded under 
30 physiological conditions, by physiological enzymes and/or chemical conditions, e.g., in a 
reducing or reduced-pH environment. 



10 
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II. Microdevices 

The present invention provides microdevices that are useful therapeutically in a 
variety of in vitro, in vivo and ex vivo applications, in particular, intravascular applications 
The microdevices have a selected non-spherical shape, uniform dimensions and contain a 
5 therapeutic agent in a form where the activity of the agent is expressed by exposure of the 
microdevice to the biochemical environment of a selected target site. 

A - Representative Embodiments 

The shape, size and composition of a microdevice of the present invention depend 
on the selected application. For example, devices designed to be used in typical 
intravascular applications are preferably substantially disk-shaped, cup-shaped, or ring- 
shaped. Exemplary embodiments of such disk-, cup- or ring-shaped devices are illustrated 
m Figures 1-7, in top perspective views (Figs. 1A-7A) and cross-sectional views (Figs 1B- 
7B and 1C-7C). 

15 Figs. 1A and IB show a disk-shaped microstructure 20 composed of a thin disk 

with diameter D between about 50 nm to about 3 microns and a thickness T between about 
10 nm and about 1 microns. The disk is formed of a single material 22 which may contain 
the therapeutic agent (e.g., a drug in a polymer matrix). Although non-erodable materials 
may be used, particularly for ex vivo applications, the preferred devices are formed of 

20 bioerodable materials, as described below. 

The device may further be coated partially or completely with a coating 24 of 
hydrophilic polymer chains, such as chains 26, to form a coated microdevice 27. Typically 
these chains are added after formation of the microstructures groups. Preferred hydrophilic 
chains are polyethylene glycol (PEG) chains and synthetic glycocalyx, which are intended to 

25 either enhance the solubility of the device or, in the case of PEG, to extend blood 

circulation of the device. Methods of derivatizing a variety of metal surface with polymer 
chams are well known. For example, chains containing thiol end groups at one chain end 
can be reacted with a metal surface under conditions effective to form thioether linkages 
Similarly, where the disk material is a polymer, a variety of surface attachment chemistries 

30 e.g., mvolving carboxyl groups in the disk material and amine or hydroxyl groups in the 
polymer chains, are available for covalent linkage to the disk material. Other approaches to 
attaching hydrophilic polymer chains to microstructures are described below. 

Microstructures of the present invention may be formed of two or more layers of 
different materials. For example, Figs. 2A and 2B show a microstructure 28 formed of two 
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layers 30, 32. As indicated in Fig 2C, the structure may have different biological coatings 
on the two different-material surfaces, forming a coated microdevice. For example, the 
upper surface of the device may be coated with molecules, such as molecules 34, of a 
therapeutic agent, and the lower surface, with a molecules, such as molecules 36, of an 
5 antibody, forming a microdevice 37. The antibodies illustrated are intended for targeting 
the microdevices to selected target sites, e.g., selected blood, tissue or organ cells. 
Methods for attaching antibody or other polymer binding agents to an inorganic or 
polymeric support are detailed, for example, in Taylor, R., ed., Protein Immobilization 
Fundamentals and Applications (1991), at 109-110. 

10 Figs. 3A and 3B show a disk-shaped trilaminate microstructure 38 having outer 

layers 40, 42, and an center layer 44. In the embodiment shown, the outer layers are 
composed of one material, while the center layer consists of a different material, for 
example, a material that gives faster bioerosion than the outer layers. Other embodiments 
may contain additional layers. As indicated in Fig. 3C, the microstructure may be coating 

15 with a film 48, such as a corrosion delay film, forming a microdevice 48. The corrosion 
delay layer is typically made of a material that gradually dissolves in the biochemical 
environment of the target. Examples of such coatings include titanium, gold, silver, 
platinum, copper, and alloys and oxides thereof. 

The thickness of the corrosion delay layer may be selected to, for example, provide the 
20 desired lifetime of the device in the bloodstream, or to allow the device to bind to its target 
before therapeutic agent is released. These layers may be applied by standard metal 
deposition procedures. 

It will be appreciated that the surface coatings and films in the microdevices can 
have any of a number of different function. For example they can serve as structural 
25 elements of the device itself, e.g., an anticorrosive coating; as the therapeutic moiety, e.g., 
in the case of antibodies directed against a foreign antigen, as the targeting moiety (e.g., 
tumor-specific antibodies); as an element which confers other selected properties on the 
microdevice, e.g., glycocalyx coating; or a therapeutic agent designed to erode over time. 
It will be recognized that various permutations of laminate structures and coatings, such as 
30 those illustrated in Figs. 1-3, are contemplated. 

Figs. 4 A and 4B show a microstructure 50 constructed according to another general 
embodiment of the invention. This structure includes a generally cup-shaped body 52 
having a cavity 54. Referring to Fig. 4C, the cavity can be filled with one or more 
materials, such as material 56, which form the "core" of the microdevice, and may contain, 
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for example, the therapeutic agent, forming a microdevice 58. The device may also contain 
coating(s) different from coating(s) on other parts of the device, such as the coating of 
antibodies, such as antibodies 60, for targeting the device to a selected body site. 

Figs. 5A and 5B show a similar type of cup-shaped microstructure 62, but here 
5 composed of a ring-shaped wall member 64 formed of one material and a planar bottom 
member 66, forming an internal cavity 68. This construction may facilitate, for example, 
the attachment of different moieties to the top and bottom portions of the device, as 
indicated by attachment of target-specific antibodies, such as at 68, to form a microdevice 
70 shown in Fig. SC. The cavity in the microdevice is filled with a selected material 70, as 
10 above. 

A similar type of cup-shaped microstructure is shown at 74 in Figs. 6A and 6B. In 
this microstructure, the bottom portion is formed of a laminate 76 composed of two ■ 
different-material layers 78, 80. For example, layer 80 may be formed of a relative low- 
density erodable polymer, to impart an overall density to the particle close to that of an 
aqueous suspension medium, to achieve a more stable suspension of microparticles for 
therapeutic applications. The other layer may be, for example, an easily erodable material 
and/or contain an entrapped therapeutic compound, and/or be formed of a ferromagnetic 



15 



20 



30 



material. 



As shown in Fig. 6C, the internal cavity of the structure, indicated at 78, may be 
constructed to contain a wall coating of biological molecules, such as antibodies 81, to form 
a microdevice 82. According to an important feature of the invention, and as well be 
described below, the antibodies are effectively shielded sequestered from a body's immune- 
response system, thus permitting the antibodies to carry out desired binding functions, e.g. 
removal of toxins, viral particles, cholesterol-containing particles, without the antibodies 
25 themselves provoking an immune response in the host organism. 

Figs. 7A and 7B illustrate a ring-shaped microstructure 84 having an internal core 
86 defined by an annular structural member 88. The core can contain, for example, a 
coating of a therapeutic agent or mixture of agents, as indicated at 90, forming a 
microdevice 92. An exemplary coating is shown in enlarged view in Fig. 8, and includes a 
combination of antibodies, such as antibody molecules 94, and enzymes, such as enzyme 
molecules 96. In a particular embodiment, the antibodies are directed against a lipoprotein 
particle, e.g., Lp(a), and the enzyme is an esterase or protease enzyme capable of at least 
partially degrading the particles, once bound within the core of the microdevice. 
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The optimal dimensions of microdevices of the present invention similarly depend 
on the application. The maximum dimension of the devices (the diameter of the disk in the 
case of disk-shaped devices) is typically in the range between 0.05 and 5 microns. For 
example, in applications where the device is designed to extravasate through pores lining 
5 the walls of capillaries supplying a tumor, the maximum dimension of the device is 
preferably less than about 150 nm, to allow passive movement of the device through the 
vasculature. In applications where the devices are designed to circulate or to bind to a 
target without extravasation, they may be larger. It is recognized, however, that particles 
larger than 200-400 nm may be rapidly cleared from the bloodstream and in addition, 

10 cannot be sterilized by filter sterilization. 

The minimum dimensions of the microdevices are constrained only by the 
microfabrication process itself. Certain layers and coating which may be contained in a 
device such as described above (e.g., a layer of targeting antibodies) can be as thin as a 
single layer of molecules. The minimum size again depends on the application. For 

15 example, in the case of devices made from biodegradable materials, the smaller the device, 
the faster it will dissolve. The stability of device of the present invention in a particular 
application may be readily determined by one of skill in the art using tagged (e.g., 
fluorescent or radiolabeled) devices in a model system. 

Another important property of microstructures and microdevices is the 

20 bioerodability of the material employed in making the microstructure. Some metals, such 
as iron, are rapidly dissolved in serum, whereas others, such as gold, are much more 
slowly eroded. Therefore, to achieve a desired rate of erosion, metals may be mixed in 
alloy. 

A variety of bioerodable polymers, including polyglycolic, polylactic, polyurethane, 
25 celluloses, and derivatized celluloses may be selected, and a variety of charged polymers, 
such as heparin-like polysulfated or polycarboxylated polymers are suitable in forming one 
or more of the microstructure layers. The latter polymers have the advantage of being 
swellable and shrinkable under selected ionic conditions, and can be loaded to high drug 
concentration by ion-exchange effects, for drug release under physiological conditions. 
30 Such polymers are described in PCT application WO/US94/01924 for "Condensed-Phase 
Microparticle Composition and Method" which is incorporated by herein by reference. 

Any of the above-described microstructure materials may be selected to enhance the 
detectability of the microdevices, e.g., as diagnostic microdevices or for purposes of 
tracking the biodistribution of therapeutic microdevices. For example, the microdevice may 
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be fabricated with X-ray or MRI-resolvable material. X-ray-resolvable materials include 
iron, sthcon, gold and gadolinium. MRI-resolvable materials include gadolinium and iron. 

Further, the microdevices can be tagged so as to allow detection or visualization 
For example, microdevices are rendered radioactive by implantation or surface attachment 
5 of radioactive isotopes such as 1-123, 1-125, 1-131, In-Ill and Tc-99m. Radioactive 
devices concentrated at a site of disease can be identified by a radiation detectors such as 
the 7 -ray cameras currently used in scintigraphy (bone scans), resulting in identification and 
locahzation of such regions. Microdevices can also be tagged with fluorescent molecules or 
dyes, such that a concentration of microdevices can be detected visually. 

10 The structural material used in forming the microstore is selected to achieve 

desn-ed erodability and drug release properties. In the case of drug release, the structural 
matenal may be one or more biodegradable polymers. Classes of biodegradable polymers 
include polyorthoesters, polyanhydrides, polyamides, polyalkylcyanoacrylates . 
polyphosphazenes, and polyesters. Exemplary biodegradable polymers are described for 

15 example, in U.S. Patent Nos. 4,933,185, 4,888,176, and 5,010,167. Specific examples' of 
such biodegradable polymer materials include, for example, poly(,actic acid), polyglycolic 
acd, polycaprolactone, polyhydroxybutyrate, poly(N-palrnitoyl-trans-4-hydroxy-L- P rolin e 
ester) and poly(DTH carbonate). 

As indicated above, the polymer matrix may also contain a hydrogel, such as a 
20 cross-linked polymer of hydroxyethyl methacrylate and ethylene dimethacrylate or a 

cellulose ether-type hydrogel (Doelker, in Hydrogels in Medicine and Pharmacy Vol II 
Pe PP as, N., Ed., CRC Press, Boca Rotan, 1987, pp. 115-154). Hydrogels are typically' 
water-swellable matrices containing dispersed or dissolved drug. Hydrogels are preferably 
used ,n combination with water-insoluble drugs, such as steroids (Zentner, G. M et al J 
25 Pharm. Sci, 68, 970 (1979)), and high molecular weight drugs such as insulin (Davis B ' 
K., Bcperientia 28, 348 (1972)), enzymes (Torchilin, V.P., et al., J. Biomed. Mater. Res. 
11, 223 (1976)), and vaccine antigens (Bernfield, P., et al., Science 142, 678 (1963)). 

The solubility of an active agent in a particular polymer can be estimated by the use 
of solubility parameters (Hildebrandt, J. H., et al.. The Solubilities of 
30 Nonelectrolytes ; Reinhold: New York (1950)), where close solubility parameter values 
between an active agent and polymer tend to favor compatibility and solubility. The active 
agent w,ll typically be dispersed or dissolved in the polymer matrix. Alternatively the 
active agent may be covalently attached to the polymer backbone through reactive pendant 
chams that can be cleaved, typically by hydrolysis. In utilizing this approach, the device 
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will also contain a means for providing controlled release of active agent from the polymer 
backbone, such as by cleavage of the covalent attachment. The diffusion or release 
properties of the polymer matrix can be modified by various techniques, such as cross- 
linking, chemical structure modification, blending of two or more polymers, or by the 
5 addition of plasticizers (e.g., butylbenzylphthalate, trioctylphosphate, dioctylphthalate, 
glycerol, polyethylene glycol, and polypropylene glycol) or solvents. The matrix may also 
contain additional components, such as preservatives or bacteriostatic agents, e.g., methyl 
hydroxybenzoate, chlorocresol, benzalkonium chlorides, and the like. 

Typically the therapeutic agent is attached to or incorporated into the polymer layer 
10 after microfabrication, to prevent exposure of the agent to the chemical etching procedures 
discussed in the section below. 

B. Microfabrication of the Microstructures 

The structural portion or layer (i.e., microstructure) of the microdevices of the 

15 present invention may be microfabricated using any suitable microfabrication method, such 
as the photolithography and photoablation methods detailed below. 

Figs 9A-9E illustrate the steps in forming a disk-shaped microstructure 100 (Fig. 
9E) by photolithographic techniques. As shown, the structure includes two layers 102, 104, 
which will be formed of two identically numbered layers (102 and 104) forming a planar 

20 expanse 106. This laminate expanse is formed according to conventional methods for 
deposition of metal layers, e.g., chemical vapor deposition, sputtering or the like, and/or 
methods for producing thin polymer sheet material. 

As a first step in the process, the laminate expanse is attached or otherwise bonded 
to a sacrificial layer 108, such as phosphorous doped silicon dioxide, deposited by chemical 

25 vapor deposition, and the top of the laminate is coated with a photoresist layer 110. 
Suitable negative- or positive-resist material are well known, e.g., "Introduction to 
Microlithography", Thompson, L.F., et al., eds, ACS Symposium Series, Washington D.C 
(1983). Additional details on microfabrication methods useful in the manufacture of devices 
according to the present invention are described in, e.g., co-owned PCT patent publications 

30 WO 95/24261, WO 95/24472 and WO 95/24736. 

The coated laminate is irradiated through a photomask 112 having a series of 
circular openings, such as opening 116, corresponding in size to the desired size of the 
microstructures, e.g., 50-200 nm diameter. Methods for forming photomasks having 
desired photomask patterns are well known. 
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In the embodiment shown in Figs. 9A-9D, the photoresist is a negative resist, 
meaning that exposure of the resist to a selected wavelength, e.g., UV, light produces a 
chemical change (indicated by cross hatching) that renders that altered resist resistant to 
etching by a suitable etchant. The appearance of the coated laminate after photomask 
5 irradiation UV and etching is shown in Fig. 9B. As seen, laminate 106 is now covered by 
a plurality of discrete disk-shaped resist elements, such as elements 118, corresponding in 
size to the planar dimensions of the desired microstructures. 

The laminate is now treated with a second etchant material effective to dissolve the 
laminate in the exposed araas of the laminate. In the case of a laminate metal layer, the 
etchant may be a suitable acid solution; in the case of a laminate biodegradable polymer 
layer, the etchant could be an enzyme solution, an aqueous solution having a pH effective to 
break down the polymer, or an organic solvent known to dissolve the particular polymer. It 
will be appreciated that in the case of laminates, more than one etchant solution may be 
required. The laminate, after complete etching, has the appearance of Fig. 9C, which 
shows a series of disk-like, resist-coated elements on the sacrificial layer. 

In the final preparation steps, the resist is removed by suitable chemical treatment 
(Fig. 9D), and then the sacrificial layer is removed, again by conventional chemical 
treatment, leaving the individual microstructures, such as microstructure 100. 

Figs. 10A-10E illustrate further photolithographic processing effective to produce 
cup-shaped microstructures, such as shown at 122 in Fig. 10E. In this processing, the 
etched laminate/sacrificial layer structure or substrate shown in Fig. 9D is further coated 
with a positive resist material 124, as shown in Fig. 10A. The coated laminate is then 
irradiated through a photomask 126 having a series of circular openings, such as opening 
128, whose diameters correspond to the desired "internal" diameters of the microdevices. 
The mask is aligned with the substrate, as shown, so that the mask openings are in registry 
with the already formed discs in the substrate. 

Irradiation of the substrate through the photomask causes photo-induced changes in 
the resist (indicated by cross hatching) that render the irradiated regions susceptible to a 
selected etchant. The appearance of the coated laminate after photomask irradiation UV and 
etching is shown in Fig. 10B. As seen, this treatment has produced a cylindrical opening, 
such as opening 130, in the center of each microstructure 100 in the substrate. 

The laminate is now treated with a second etchant material effective to dissolve the 
upper laminate layer in the exposed areas of the laminate, producing the series of 
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microstructures 122 seen in Fig. IOC. Removal of the photoresist (Fig. 10D) and sacrificial 
layers produces the free microstructures 122 shown in Fig. 10E. 

It will be appreciated that the microstructures formed as just described may be 
further treated by standard photolithographic techniques to produce other desired surface 
5 features and or layers. Further, indentations or cavities may be filled with a material 
different from the microstructure material by known methods. Thus, for example, U.S. 
Patent No. 5,200,051 describes photolithographic methods for depositing perm-selective and 
proteinaceous layers on a planar substrate. These same techniques can be applied to the 
present invention, to incorporate such layers in the microdevices of the invention. 

10 In another general approach, the microdevices are patterned from a substrate by 

excimer laser photoablation techniques. Methods of laser micromachining or dry etching 
have been described, e.g., U.S. Patent Nos. 5,368,430, 4,994,639, 5,018,164, 4,478,677, 
5,236,551, and 5,313,043. This method is most suited to a polymeric substrate, because of. 
the ease with which a laser beam can photoablate polymer structures. 

15 Figs. 11A-11D illustrate the method as applied to producing a disk-shaped 

trilaminate microstructure such as shown at 134 in Fig. 11D. In this illustration, a 
trilaminate expanse 136, formed on layers 138, 140, 142, is formed on a sacrificial layer 
144. The expanse is then irradiated with a focused excimer laser beam, such as indicated at 
146, which is patterned (by upstream photomasking and imaging) to give a beam that is 

20 effective to photoablate the laminate in the areas corresponding to spaces between desired- 
size circular elements on the laminate, as indicated in Fig. 11B. This ablating is continued 
until the beam has cut through the entire laminate depth, as shown in Fig. 11C, forming the 
disc shaped microstructures on the sacrificial layer. Removal of the sacrificial gives the 
plurality of structures 134. 

25 

C. Microstructure Surface Structures 

The term "molecular coating" is used herein to describe a coating which is bound to 
the surface (outer or interior) of a microstructure. The molecular coating may be bound 
directly to the surface of the device or bound to a lipid or a resin such as an electron 
30 donating group, e.g. -NH 2 , OH or the like derivatized onto or associated with the surface of 
a structural layer of the device. The molecular coating may encompass all or a portion of 
the surface area of the device. Molecular coatings that can confer various characteristics or 
impart selected functional properties are described below. 
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Figure 12 illustrates a general embodiment of a coated microdevice 150. A central 
layer 152 in the device is coated with a corrosion delay layer 154, such as gold or nickel, 
which is in turn coated with a layer of various molecules 156 that comprise the biochemical 
interface to the blood. The lower side of the device in the figure that will bind to the cell 
5 or tissue target (e.g. , a capillary wall) is coated with ligand molecules 158, such as IgG 
antibodies, that are effective to specifically bind to the marker molecules on the target (e.g., 
tumor capillaries). 

In one general embodiment, the molecular coating is a marker-binding agent, 
typically an antibody of antibody fragment, for targeting the microdevice to a specific cell 
type, e.g., tumor cell. A number of monoclonal antibodies to tumor-specific antigens are 
known to the art. See, for example, pages 301-323 of Cancer . 3d Ed., edited by V. T De 
Vita, S. Hellmann, and S.A. Rosemberg. Among the specific anti-tumor antibodies known 
are those that bind to pancarcinoma antigens (PCAs), an example of which is the tumor- 
associated glycoprotein antigen known as TAG-72. Such antibodies thus bind to a broad 
spectrum of cancers, and to different cellular mutations in the metastatic cascade. Examples 
of antibodies of this type are B-72.3 and the CC49 antibodies. Microdevices coated with 
anti-PCA antibodies are particularly useful in the diagnosis and treatment of different 
neoplasms. 

To facilitate tracking of a therapeutic microdevice of the present invention, and/or 
to enable the use of diagnostic devices, one of the structural or coating elements of the 
microdevice may be designed to be detectable using, for example, X-radiation, scintigraphy, 
nuclear magnetic resonance, optical inspection (e.g., color, fluorescence), or ultrasound, as 
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noted above. 



A molecular coating may also be used to prevent or inhibit attachment of serum 
opsonins to the devices, to extend the blood circulation lifetime of the devices. As 
described below, such hydrophilic polymers may be conjugated to vesicle-forming lipids, 
and the microdevices can be coated with a lipid film containing such vesicle-forming lipids. 

The microdevices may also be coated with a natural or synthetic glycocalyx to 
enhance its solubility. Other hydrophilic natural polymers, such as glycogen or polyserine, 
are also useful for this purpose, as are biocompatible detergents such as non-ionic 
polymerized oxyethylene ethers, e.g., "TRITON-X 100". 

In one embodiment of a microdevice 160, shown in Figure 13A, hydrophilic 
polymer chains, such as chains 162, are conjugated to vesicle-forming lipids, such as lipids 
162 (see for example, U.S. Patents 5,013,556 and 5,213,804), which in turn are anchored 
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in a lipid film 164 formed on the exterior surface of the microstructure. Methods for 
forming lipid films, such as lipid bilayer films, on particles are detailed for example, in 
above cited WO/US94/01924. 

Examples of hydrophilic molecules suitable for conjugating to vesicle-forming 
5 lipids include polyethylene glycol chains having molecular weights between about 1,000 and 
10,000 daltons. Other suitable hydrophilic molecules are polyvinylpyrrolidone (PVP), 
polymethyloxazoline, polyethyloxazoline, polyhydroxypropyl methacrylamide, 
polymethacrylamide and polydimethylacrylamide, polylactic acid, polyglycolic acid, and 
derivatized celluloses, such as hydroxymethylcellulose or hydroxyethylcellulose. 

10 Referring to Figure 13B, a portion of the hydrophilic polymer chains may 

additionally contain a marker-binding molecule 166 (i.e., a ligand) at their free end. Such 
marker-binding molecules may be conjugated to activated free ends of the hydrophilic 
molecules using known methods. 

Figure 14 shows how a gradient of increasing hydrophobicity can be established by 

15 decreasing the number of hydrophobic groups, such as groups 170, 172, and increasing the 
number of hydrophilic groups, such as groups 174, per unit volume as a function of 
increasing distance from the surface of a device, here indicated at 176. A synthetic 
glycocalyx can thus be tailored to provide the functional coat desired for a particular device. 
A hydrophobic environment can be maintained near the surface of the device to harbor 

20 mobile hydrophobic groups, while the entire device is kept in suspension in an aqueous 
environment by hydrophilic groups on long chains. 

D. Therapeutic Agents 

Microdevices of the present invention consist of microfabricated structural elements 

25 (microstructures) in association with a therapeutic agent and any other functionality- 
enhancing agent or coating. The therapeutic agent may be (i) incorporated into the 
microdevice during microfabrication (either as a structural substrate or as a coating), or (ii) 
associated with the device after it is micromanufactured (e.g. , by coating or conjugating it 
onto the device). As is described below, therapeutic agents such as drugs can be 

30 incorporated into matrices (e.g., polymer matrices) which may be deposited into wells or 
pits manufactured into the devices. 

Therapeutic agents associated with the microdevice after it is microfabricated 
include coatings of therapeutic biomolecules, such as therapeutic antibodies (e.g., antibodies 
directed against LDL or a viral antigen). 
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The activity of the therapeutic agent is expressed by exposure of the microdevice to 
the biochemical environment of the target site. The target site can be a particular location 
in the body, or the site of administration. For example, in the case where the target is a set 
of molecules circulating in the bloodstream, the biochemical environment of the target site 
5 is the blood. In cases where the target is a non-circulating tissue, such as a tumor, the 
biochemical environment of the target site is the environment in proximity to the tumor. 

The therapeutic agent contained in the therapeutic devices of the present invention 
may be a releasable agent or an immobilized agent. A releasable agent is a therapeutic 
compound, such as a drug, that is designed to be released at a selected target in order to 
exert its therapeutic efficacy. An immobilized therapeutic agent is one that performs its 
therapeutic function while immobilized on the microdevice. For example, microdevices 
containing therapeutic antibodies as described above are an example of an immobilized 
therapeutic agent. 

Microdevices of the present invention may be fashioned to deliver a selected 

15 therapeutic agent or ligand to a selected target in a form where the therapeutic agent is 
shielded from recognition by the subject's immune system. In one such embodiment, the 
therapeutic agent (e.g., an antibody directed against LDL or against a viral antigen) is 
attached to the bottom portion of a cup-shaped microdevice, as exemplified in Figure 15. 
The microdevice shown, indicated at 180, has a tri-laminate structure consisting of two 

20 bottom layers 182, 184, and an upper layer 186, which defines an internal cavity 188. The 
exposed surface of layer 184, which forms the inside bottom of the cup-shaped 
microdevice, has a surface layer of covalently bound antibodies, such as antibodies 190. 
The material forming the device is selected for surface specific attachment of antibodies to 
the upper surface of layer 184. The exposed surfaces of layer 186 can be optionally coated 

25 with hydrophilic molecules, as indicated. 

The diameter D of such a device is small enough (e.g., less than about 150 nm) and 
the thickness of layer 102 large enough (e.g., greater than about 30 nm) so that the cell 
membranes of an immune-response cell, such as indicated at 192, that may contact the 
device while it is in circulation cannot contact the layer of antibodies on the exposed surface 

30 of layer 184. By preventing such contact, the host immune response directed against 

therapeutic antibodies 128, while they are associated with the microdevice, will be decrease 
or eliminated. 
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E. Microdevice Suspension 

The invention includes a suspension of microdevices of the type described above for 
use in administering a therapeutic agent to a selected target site in a subject. To form the 
suspension, microdevices as described above are suspended in an aqueous medium at a 
5 selected concentration. The optimal concentration will depend on the characteristics (e.g., 
solubilization properties) of the microdevice, type of therapeutic application and mode of 
administration. For example, compositions for oral administration can be relatively 
viscous, and may therefore contain a high concentration (e.g., > 50%) of the microdevices. 
Solutions for bolus injections preferably contain a relatively concentrated suspension of 
10 microdevices (e.g., 10-50%), but not so concentrated that it has an appreciably higher 
viscosity than saline (to minimize need for large-bore needles). Solution used for 
continuous intravenous infusion typically contain a relatively low concentration (e.g., 2-10% 
suspension) of microdevices, due to the relatively large volumes of fluid that are 
administered. 

15 The microdevices can be suspended in any suitable aqueous carrier vehicle. A 

suitable pharmaceutical carrier is one that is non-toxic to the recipient at the dosages and 
concentrations employed and is compatible with other ingredients in the formulation. 
Examples of suitable carrier vehicles include but are not limited to water, saline, Ringer's 
solution, dextrose solution, and 5% human serum albumin. Suspensions for use in 

20 injectable formulations are preferably isotonic with the subject's blood. Generally, the 
carrier can contain minor amounts of additives such as substances that enhance isotonicity 
and chemical stability, e.g., buffers and preservatives, as well as low molecular weight (less 
than about 10 residues) polypeptides, proteins, amino acids, carbohydrates including glucose 
or dextrans, chelating agents such as EDTA, or other excipients. 

25 Prior to administration to a subject, the suspension of microdevices is sterilized by a 

suitable sterilization method. Heat-stable microdevices can be heat-sterilized, e.g., using an 
autoclave. Alternatively, microdevices that are not heat-stable may be sterilized by passage 
through a commercially-available sterilization filter, e.g., a 0.2 ^im filter. Of course, 
filtration may be used only in cases where the microdevice is smaller than the pores of the 

30 sterilizing filter. 



Ill- Applications 

Microdevices of the present invention can be administered to a subject in need of 
therapeutic intervention via any suitable administration method. The particular method 
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employed for a specific application is determined by the attending physician. Typically the 
microdevices will be administered by one of the following routes: topical, parenteral, 

inhalation, oral, vaginal and anal. 

As discussed above, microdevices of the present invention are particularly useful in 
5 treatment of malignant tumors. In these applications, the type of tumor influences the mode 
of administration. For example, skin cancer may be treated by topical application of a 
preferably viscous suspension; lung cancer may be treated by inhalation of an aerosolized 
aqueous microdevice suspension; cervical cancer may be treated by vaginal administration 
of a nucrodevice suspension; and colon cancer may be treated by rectal administration of 
10 such a suspension. 

The majority of therapeutic applications involve some type of parenteral 
administration, which includes intravenous (i.v.), intramuscular (i.m.) and sub-cutaneous 
(s.c.) injection. Microdevices suitable for parenteral administration preferably have a 
selected maximum dimension in the range between 0.1 and 3 microns. Specific examples 
of devices useful for parenteral administration, particularly intravascular administration, are 
described below. 

Further, the administration can be systemic or local. The non-parenteral examples 
of administration recited above, as well as i.m. and s.c. injections, are examples of local 
administration. Intravascular administration can be either local or systemic. Local 
intravascular delivery can be used to bring a therapeutic substance to the vicinity of a 
known lesion by use of guided catheter system, such as a CAT-scan guided catheter. 
General injection, such as a bolus i.v. injection or continuous/trickle-feed i.v. infusion are 
typically systemic. 

In a preferred embodiment, the microdevices of the present invention are injected 
into the blood stream and allowed to circulate and localize to their target. Exemplary 
targets include different types of freely-circulating molecules, cells and/or tissues accessible 
via the circulatory system. The effectiveness of the microdevices in these applications is 
potentially affected by several factors, including the subject's immune response directed 
against the microdevices, and the solubility of the devices in circulation. 
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A - Targeting Ci rculating Molecules and Vin KM 

In one general application of the present invention, the microdevices described 
herein are derivatized to contain an antibody or ligand effective to bind to a circulating 
blood molecule, and are used therapeutically to reduce the concentration of the circulating 
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blood molecule. The microdevice used for such an application preferably contains the 
antibody or ligand in a manner that protects the antibody or ligand from attack by the 
subject's immune system. An example of such a configuration is shown in Figure 15. 

By way of example, such microdevices may be derivatized to contain antibodies 
5 directed against very low density lipoproteins (VLDLs) and/or low density lipoproteins 
(LDLs), elevated levels of which are associated with increased risk of coronary heart 
disease in humans. The therapeutic agents in such microdevices are the anti-LDL and anti- 
VLDL antibodies. The activity of the therapeutic agents (i.e., antibodies) is expressed by 
exposure of the microdevice to the biochemical environment of the target site, i.e., upon 

10 injection into the bloodstream. The expression of therapeutic activity is manifested in this 
example by the antibodies' binding of VLDLs and LDLs in the bloodstream. Such 
antibody-containing microdevices are preferably microfabricated using structural 
compositions that biodegrade after a selected period of time, e.g., several hours to several 
days. Once the structural portions of the microdevices have degraded, the LDL-antibody 

15 and/or VLDL-antibody complexes are released and degraded by macrophages. 

B. Targeting Cells and/or Tissues 

Microdevices of the present invention may be used to target and deliver therapeutic 
compound(s) to selected cellular or tissue targets. The cells may be circulating cells, such 

20 as mononucleated blood cells (MBCs), bacterial cells in a systemic infection, etc., or non- 
circulating cells, such as cells comprising a fixed tumor mass, or the epithelial cells forming 
the lining of vessel or capillaries. Any cell-specific molecular marker may be detected by 
the methods of the invention so long as the device is fabricated with a marker-specific 
ligand or antibody. In a preferred embodiment, the molecular markers to be identified are 

25 tumor-specific antigens. In selecting specific antibodies for in vivo applications, an efficient 
strategy is to use human antibodies specific for the common generic molecules that are 
relatively more plentiful in target diseased tissue cell membranes than in healthy cell 
membranes. 

An exemplary microdevice 194 useful for targeting a tissue in need of exposure to a 
30 therapeutic agent is shown in Figs. 16A and 16B. The device has a trilaminate structure 
consisting of a therapeutic-agent-containing layer 196 sandwiched between two 
targeting/support layers 198, 200. The exposed surfaces of the support layers can be coated 
with, e.g., (i) hydrophilic molecules, such as molecules 202, to improve the suspension or 
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circulation characteristics of the device, and (ii) binding molecules, such as antibody 
molecules 204, directed against a marker on the target cell or tissue. 

In one embodiment, the therapeutic-containing layer erodes at a faster rate than the 
outer, targeting/support layers. This feature, illustrated by the partially-eroded middle layer 
5 in Figure 16B, allows the microdevice to remain securely attached to the target even as the 
therapeutic layer dissolves away. A related embodiment has a bilaminar structure consisting 
of one therapeutic layer and one targeting/support layer as described above, where the 
therapeutic layer dissolves at a faster rate than the targeting/support layer. 

When targeting noncirculating cells inside capillaries (e.g., the endothelial lining), 
10 the binding between the device and the molecular marker should be sufficiently strong to 
overcome the drag force exerted by the flowing blood. This objective can be satisfied by 
having a relatively large, relatively planar surface area for specific binding and a relatively 
low profile in the capillary's blood-flow space. 

Referring to Figure 17A, a disk-shaped microdevice 202 is attached to capillary 
wall 204 via interactions between marker molecules 206 on the capillary wall and ligand 
molecules 208 on the device's surface. Epithelial cell markers which are specific for 
certain pathologies, e.g., tumors, have been identified. 

The total shear strength, represented by arrow 210 in the figure, is due to the total 
binding interaction at the interface between the device and the capillary wall. As seen, this 
shear force is greater than the sum of the blood flow forces, represented by arrow 212, 
acting to move the device in a downstream direction (toward the right in the figure). This 
favorable state is due to the high ratio of total area of device contact with the capillary wall 
to the device's profile in the region of blood flow. 

By comparison, Figure 17B shows a cross section of a spherical microparticle 214 
bound by ligand-specific interactions on a capillary wall 216. Here the ratio of area of 
device contact with the capillary wall to the device's profile in the region of blood flow is 
quite low, as can be appreciated. Accordingly the shear force holding the particle to the 
capillary wall, indicated by arrow 218, is smaller than the flow force on the particle, 
indicated by arrow 220, giving an unstable binding condition. 

The same factors, particularly the high surface area of contact, produces enhanced 
binding between microdevices of the invention having substantially planar surfaces, and cell 
surfaces. 



15 



20 



25 



30 



WO 96/41236 



PCT/US96/09614 



21 

C. Transluminal Targeting 

The invention further provides a therapeutic method in which a microdevice crosses 
the vascular membrane to a preselected site for delivery of a therapeutic agent. In one 
embodiment, the microdevice is coated with a ligand to the endothelial or basement 
5 membrane of a neoplastic cell. Examples of ligands targeting the basement membrane are 
an anti-collagen type I, IV, V, anti-fibronectin, anti-proteoglycans and anti-laminin 
antibodies. In a preferred embodiment, the ligand is anti-collagen IV antibody. The device 
is designed so that, upon binding to the target cell, it migrates into the underlying tissue and 
delivers the therapeutic agent. 

10 For the illustration of these uses, reference is made to a microdevice 224 in Figure 

18A, composed of a microstructure 226 and a core 228. A cross-sectional view of the 
device is given in Figure 18B. The device may be protected with an anticorrosion layer, 
such as layer 230, which may be selected to have different thicknesses in its microstructure . 
and core surface areas. Also as shown, the outer surface may be coated with hydrophilic 

15 polymers, such as described above, and antibody molecules, such as molecules 232, for 
capillary-wall targeting. 

Another embodiment of the microdevice, indicated generally at 234, is shown in 
Figure 18C, with an anti-corrosion coating 236 present only on the inferior surface, 
hydrophilic polymer chains only on the lateral surface, and targeting antibodies, such as at 

20 238, only on upper portions of the device, as shown. 

Figs. 19A and 19B illustrate the method by which the microdevices are able to cross 
a vascular-wall membrane or wall, such as indicated at 245. The illustration is with respect 
to microdevice 234 shown in Fig. 18A, and containing anti-collagen IV antibodies on its 
upper surface in that figure. After i.v. administration, and migration to the target capillary 

25 wall surface, the anti-collagen IV antibodies adhere to the subendothelial basement 
membrane (Fig 19A). The endothelial cells tend to retract when contacted from their 
luminal surface, and subsequently to migrate over bodies contacting the continuous 
basement membrane, so as to separate such bodies from the circulation. These processes 
underlie well-known biological actions such as the repair of cuts in the vessels walls, and 

30 the extravasation of tumor cells from both venules and arterioles to initiate metastatic 
cascades. The time required for the reaching of a configuration such as shown in Figure 
19A is about 2-4 hours. The microdevice may be coated with an anti-corrosion layer 
designed to allow for such a time interval, with an appropriate safety factor. The 
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microdevice may be complexed on its passive (open) side by fibrin 240, platelets 242, and 
immune cells 244, as shown. 

Different functions may be assigned to the device's core, indicated at 246. The first 
of these is lysis or dissolution of the basement membrane. For this purpose, the core may 
5 consist exclusively or partially of substances or biological entities that degrade such 
membranes. Examples are matrix-degrading enzymes among serine proteinases, neutral 
metalloproteinases, and cysteine proteinases. In a preferred embodiment, microdevice core 
contains type IV collagenase, a metalloproteinase that is specific to collagen type IV, and 
thus particularly efficient for the lysis of the basement membrane. 

10 After binding of the microdevice to the walls of the target vasculature, the 

membrane-degrading agent within the core is released, and gradually dissolves the basement 
membrane. The device thus penetrates the cell stroma, while membrane reconstruction 
takes place by natural processes. A configuration such as shown in Figure 19B is reached, 
with the microdevice stably lodged within the interstitium. The extravasation process . 

15 requires about 2-12 hours. 

At any time following binding, membrane lysis, and/or transluminal migration, 
other functions may be performed, including the delivery from the microdevice of 
therapeutic agents appropriate to the pathology being treated. The diffusion of such 
therapeutic agents to the targeted tissue in indicated by arrows 248 in Figure 19B. For the 

20 treatment of neoplasms, preferred therapeutic agents include anti-cancer drugs, including 
antimetabolites, alkylating agents, plant alkaloids, and antitumor antibiotics; biological 
agents, including monoclonal antibodies, interferons, and interleukins; chemosensitizers, 
i.e., chemicals that decrease the resistance of cells to drugs, such as misonidazol and its 
analogs; and compounds which enhance the sensitivity of tumor cells to radiation, e.g., 

25 halogenated pyrimidines, and compounds that radiosensitize hypoxic cells, e.g., ' 
nitroimadizole compounds. 

D. Tumor Targ eting 

In one embodiment, microdevices are designed for the in vivo treatment or detection 
30 of tumors by extravasation. This targeting occurs by circulation of the microparticles 
through the bloodstream, over an extended time period, and passive extravasation of the 
devices through compromised regions of the vasculature, which tend to correspond to 
vascular regions servicing a solid tumor. The microdevices therefore have a preferred 
maximum dimension of less than about 150-200 nm, to allow for passive transit through the 
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compromised vasculature, and a hydrophilic surface coating to ensure prolonged blood 
circulation lifetime. 

E. Targeting by External Magnetic Field 
5 In another embodiment of the invention, the microdevices are fabricated to include a 

strong magnetic subdomain. An example is illustrated in Fig. 20 showing a microdevice 
250 having a core which in this case contains two different core layers, such as layers 252, 
254, and a magnetic layer 256 by which the particles can be guided in the body by an 
external magnetic field. 

10 Magnetic removal of particles from biological fluids for in vitro applications is 

taught in U.S. Patent Nos. 4,018,886 and 3,970,518. 

When appropriate, the devices may be limited to circulate within localized diseased 
areas by application of localized magnetic fields. For example, a device containing a 
magnetic core as well as appropriate therapeutic agent(s) is administered locally or 

15 systemically, and a local magnetic field applied to the diseased region. This is a useful 
procedure for the treatment of some lesions for cases in which surgical excision is not 
desirable, or possible. Such cases include melanoma with multiple superficial metastases 
and penile cancer. The concentration of radioactive tags with magnetic particles in vitro is 
taught in U.S. Patent No. 3,993,997. 

20 For chemotherapeutic therapies, localized magnetic fields can be used as described 

above for concentrating radiotherapeutic microdevices in known diseased sites. This is a 
useful procedure for the treatment of superficial lesions for cases in which surgical excision 
is not desirable, or possible. 

25 F. Targeting Intraoperativelv 

The device of the invention may be used for intra-operative diagnosis and intra- 
operative treatment of metastatic domains. For this application, the device carries 
antibodies to target antigens expressed on the surface of neoplastic tissue. Examples of 
such antibodies include anti-collagen IV antibodies, for the cases of breast and colon 

30 cancers, as well as lymph node metastases of the former. The device core can contain any 
desired combination of therapeutic agents, such as antimetabolites, alkylating agents, plant 
alkaloids, antitumor antibiotics, monoclonal antibodies, interferons, interleukins, chemo- 
sensitizers, and the like. In the course of surgery directed to the removal of an identified 
large lesion, a suspension of microdevices in physiological fluid is applied to a region 
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adjacent or related to the main lesion, if such area is suspected of metastatic infiltration. 
The microdevices that do not bind to the tumor antigens in the area of exposure are 
removed, e.g., by washing, suction, or magnetically, as described above. The bound 
devices identify the existence of metastatic domains, which the surgeon may elect to 
5 remove. However, even if these are not removed, therapeutic action against them is 

provided by the therapeutic agents loaded within the microdevices. The limits or eliminates 
the necessity for follow-up or adjuvant chemotherapeutic or radiotherapeutic treatment of 
metastatic colonies. 
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It will be appreciated from the foregoing that the present invention provides a 
number of advantages in therapeutic delivery composition over prior art particle 

compositions. 

The microdevice particles employed can be designed with selected shapes/ 
preferably having at least one planar surface, for enhanced ligand-specific binding to target 
cells. Further the particle sizes and shapes are effectively uniform, and can be made as 
small as existing types of "nanoparticles". 

The devices can be designed with a number of discrete functions, include surface 
binding, suspension and RES-evasion functions, and one or more different therapeutic 
agents contained in separate compartments for different release rates. 

The particles may be constructed of a variety of different materials, to achieve 
optimal and differential drug release at a target site. One of these materials may be a 
radiopaque material, such as a metal for visualizing the biodistribution of the particles, or a 
ferromagnetic material to allow magnetic field particle guidance. 

In one embodiment, the microdevice has a core in which foreign therapeutic agents, 
such as antibodies and/or enzymes can be shielded from the host's immune system, allowing 
a variety of novel applications for clearing undesired serum components. 

In still another embodiment, the microparticles are designed for either passive 
extravasation into solid tumors, or active transluminal movement through a combination of 
capillary-specific binding and partial membrane degradation. 

Although the invention has been described with respect to specific embodiments and 
applications, it will be appreciated that a variety of changes and modifications may be made 
without departing from the invention as claimed. 
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IT IS CLAIMED: 

1 . A suspension of microdevices for use in administering a therapeutic agent to a 
selected target site in a subject, comprising 

5 a suspension of microdevices in an aqueous medium, said microdevices (i) having a 

selected non-spherical shape and uniform dimensions and (ii) containing said therapeutic agent 
in a form where the activity of the therapeutic agent is expressed by exposure of the 
microdevice to the biochemical environment of the target site after administration to the 
subject. 

10 

2. The suspension of claim 1, wherein said microdevices have surface-bound, 
marker-binding molecules effective to bind to a marker carried on the surface of cells at such 
target site. 

15 3. The suspension of claim 1 or 2, for use in targeting selected cells or tissue via the 

bloodstream, wherein said microdevices are coated with a hydrophilic polymer effective to 
enhance maintenance of the microdevices in suspension. 

4. The suspension of claim 3, wherein said hydrophilic polymer is a natural or 
20 synthetic glycocalyx. 

5. The suspension of claim 3, wherein said hydrophilic polymer is conjugated to 
vesicle-forming lipids, and said microdevices are coated with a lipid film containing such 
vesicle-forming lipids. 

25 

6. The suspension of claim 3, wherein said microdevices contain a marker-binding 
molecule (i) bound to the free ends of at least a portion of said polymer, and (ii) effective to 
bind to a marker carried on the surface of such target cells or tissue. 

30 7. The suspension of any of claims 1-6, for use in parenteral administration to a 

subject, wherein said microdevices have a selected maximum dimension in the range between 
0.1 and 3 microns. 
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8. The suspension of claim 7, for use in solid-tumor targeting, wherein said 
microdevices have a maximum dimension less than about 150 nm. 

9. The suspension of claim 7, for use in delivering a therapeutic compound to the 
mterstitial space of a target region characterized by a target-specific marker on the basement 
membrane forming the vasculature of the target region, wherein said microdevices contain 
surface-bound marker-binding molecule effective to bind to such marker, and an enzyme 
effective to lyse the basement membrane. 

10. The suspension of claim 9, wherein said enzyme is a type IV collagenase. 

11. The suspension of claim 9, wherein said enzyme is covalently attached to a 
surface region of the microdevices. 
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12. The suspension of claim 9, wherein said enzyme is contained in said microdevice 
in releasable form. 



13. The suspension of claim 12, wherein the enzyme is released from said 
microdevices upon microdevice bioerosion. 

14. The suspension of any of claims 1-13, wherein said microdevices are formed of 
a material designed to erode in body fluid at a selected bioerosion rate. 

15. The suspension of claim 14, wherein said microdevices are formed of a material 
25 selected from the group consisting of iron, titanium, gold, silver, platinum, copper, and alloys 

and oxides thereof. 



16. The suspension of claim 14, wherein said microdevices are formed of a 
biodegradable polymer material. 



17. The suspension of any of claims 1-16, wherein said microdevices are composed 
of a condensed-phase polymer material effective to decondense, at a selected rate, when 
exposed to plasma. 
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18. The suspension of any of claims 1-17, wherein the microdevices are substantially 
disc-shaped, and have a laminated structure containing first and second disc-shaped layers 
formed of first and second different materials, respectively. 

5 19. The suspension of claim 18, wherein the microdevices have a trilaminate 

structure composed of an interior layer sandwiched between a pair of exterior coating layers, 
and the coating layers have a slower rate of bioerosion than the interior layer. 

20. The suspension of claim 19, wherein said therapeutic compound is embedded in 
10 said intermediate layer, for release as the intermediate layer is eroded. 

21 . The suspension of any of claims 1-20, wherein the microdevices are substantially 
disk-shaped, and have a radially-disposed center region which contains said therapeutic agent. 

15 22. The suspension of any of claims 1-21, wherein the microdevices hold the 

therapeutic agent such that the agent is shielded from direct contact with the subject's 
lymphocytes. 

23. The suspension of any of claims 1-22, wherein the microdevices contain a 
20 magnetic material. 

24. A microfabrication method for producing microdevices for use in the claim 1 
suspension, comprising 

exposing a sheet of microdevice material to a photoablating light source through a 
25 photomask, 

by said exposing, forming a reticular lattice pattern on said sheet corresponding to 
the desired microdevice size and shape, and 

continuing said exposure until the desired microdevices are formed. 
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